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$P= \{(\frac{\partial}{\partial x_{1}})^{2}-X1(\frac{\partial}{\partial x_{n}})^{2}\}\{(\frac{\partial}{\partial x_{1}})^{2}-X(2\frac{\partial}{\partial x_{n}}1)\}2\{(\frac{\partial}{\partial x_{1}})2(\frac{\partial}{\partial x_{n}})21+x2\}$
$+(5\beta \mathrm{g}(\not\subset \text{ })$
.
, .
. $x=(X_{1}, \cdots, x_{n})\in \mathrm{R}^{\mathit{7}l}$
$D=\partial/\partial_{X}$ . $X$ $\xi$ $D$ $\xi$
$\xi\in\sqrt{-1}\mathrm{R}^{n}$ ( [3] $\text{ }-\sqrt{-1}D,$ $-\sqrt{-1}\xi$
$D,$ $\xi$ , \xi $\in \mathrm{R}^{n}$ ). .
$x=(x_{1},x’)=(x’’, x_{n})=(x_{1,n}x^{n\prime},x)$ .
, $X=0$
, $x=0,$ $\xi=(0, \cdots, 0, \sqrt{-1})$ $X^{*}\in\sqrt{-1}\mathrm{T}^{*}\mathrm{R}^{n}$
$0$ – $X^{*}$ ,
$C_{\mathrm{R}^{n},x*}$ . ,
. ’
. $r>0$ \mbox{\boldmath $\omega$}7 $=\{(x, \xi’)\in \mathrm{R}^{n}\cross\sqrt{-1}\mathrm{R}^{n};’|X|<r, |\xi’’|<r{\rm Im}\xi_{n}\}$
\mbox{\boldmath $\omega$}r A(\mbox{\boldmath $\omega$}r) . $m\in \mathrm{Z}$ , $\exists C>0,$ $\exists r>0$
$a(x, \xi)\in A(\omega_{r})$ , $\omega_{r}$
$|\partial_{x}^{\alpha}\partial_{\xi}\beta)|\leq c^{1}\alpha \mathrm{I}+a(X, \xi|\beta|+1\alpha!\beta!({\rm Im}\xi n)m-|\beta|$
$a(x, D)$ ER(m)x*
. $\xi$ j $a_{j}(x, \xi)(i=m, m-1,m-2, \cdots)$ $a(x, \xi)\sim$
$\sum_{j\leq m}a_{j}(\mathcal{I}, \xi)$
$a(x, D)\in \mathcal{E}^{\mathrm{R}}(m)_{x}*$ E(m)x .
$S_{1,0’ \mathrm{h}}^{m}S_{\mathrm{p}\mathrm{g}}m\text{ }$ . $\mathcal{E}_{x}*=\cup \mathcal{E}(m)_{x}m\in \mathrm{Z}$
, (microdifferentail operator) . -
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– , $\mathcal{E}_{x^{*}}^{\mathrm{R}}(\supset\cup \mathcal{E}^{\mathrm{R}}m\in \mathrm{Z}(m)_{X}*)$ . $a(x, \xi)\in A(\omega_{r})$
$\exists,C>0,\forall\epsilon>0,$ $\exists C_{\epsilon}>0$ \mbox{\boldmath $\omega$}r
$|\partial_{x}^{\alpha}\partial_{\xi}^{\beta}a(x, \xi)|\leq c_{\epsilon}C^{|\alpha \mathrm{I}|}+\beta 1!\alpha\beta!({\rm Im}\xi n)-|\beta|_{\exp(\xi{\rm Im}\xi n})$
$a(x, D)$ ExR* , (holo-
morphic microlocal operator) ( $[1],[7]$ ). –
$S_{\rho}^{m_{\delta}}$, , (microlocal operator) ,
.
) $S_{\mathrm{p}\mathrm{h}\mathrm{g}}^{m}$ $\subset$ $S_{1,0}^{m}$ $\subset$ $S_{\rho,\delta}^{m}$
II $l$
$\mathcal{E}_{x^{*}}$ $\subset$ $\mathcal{E}_{x^{*}}^{\mathrm{R}}$ $\subset$ $\mathcal{L}_{x^{*}}$
($\mathcal{L}_{x^{*}}$ ).
.




. $\mathcal{E}_{x^{*}}^{\mathrm{R}}$ . $-\mathcal{L}_{x^{*}}$ .
. $a(X, D)\in \mathcal{E}_{x^{*}}^{\mathrm{R}}$ $a(x, \xi)$ \xi n
$a(x, D)= \sum_{+^{n}\alpha’\in \mathrm{z}}a’-1\alpha\prime\prime(x, D)nD^{\prime j}\alpha’’$
. $a_{\alpha}\prime\prime(x, \xi_{n})$ \xi 1 $=0$ . $\mathcal{E}_{x^{*}}^{\mathrm{R}}$ –





$a(x, D)= \alpha\in \mathrm{z}_{+}\sum_{n-1}$
Z
$a_{\alpha}(_{X})D^{\alpha}$
. $\alpha_{j}\geq 0(1\leq j\leq n-1)$ , $\alpha_{n}$ . $\mathcal{E}_{x^{*}}$
. $D_{1}D_{n}^{-2}\in \mathcal{E}(-1)_{x^{*D_{1}}},D_{n}-1/2\in \mathcal{E}^{\mathrm{R}}(1)_{x^{*}}$
. $\exp(\sqrt{-1}\xi^{2}1/\xi n)\in S^{m}1/2,0$ $\exp(\sqrt{-1}D_{1}^{2}/D_{n})\in \mathcal{L}_{x}*$ . ,
2
$x^{*}=(\mathrm{O};0, \cdot*\cdot, 0, \sqrt{-1})\in\sqrt{-1}\mathrm{T}^{*}\mathrm{R}^{n}(=\mathrm{R}^{n}\cross\sqrt{-1}\mathrm{R}^{n}),$ $x’*=(\mathrm{O};0,-\cdot\cdot, 0, \sqrt{-1})\in$
$\sqrt{-1}\mathrm{T}^{*}\mathrm{R}^{n-1}$ . $P(x, D)\in \mathcal{E}(m)_{x^{*}}(m\geq 2)$ $\iota$
.
(2) $\{$
$P(x, D)=D_{1}m+0 \leq j\leq\sum.Pjm-1(x, D’)D_{1}g$ ,
$\mathrm{o}\mathrm{r}\mathrm{d}P_{j}\leq m-j$
41
. $P(x, D)$ \mbox{\boldmath $\sigma$}m(P)(x, $\xi$)
(3) $\{$
$x_{1}=0$ $\sigma_{m}(P)=\xi_{n}m$ ;
$x_{1}\neq 0$ $\sigma_{m}(P)=0$ \xi 1 $=\varphi_{1}(x,\xi’),$ $\cdots,$ $\varphi m(x$ , \xi ’ $)$ $0$ ,
. $A$ $\mathcal{O}(A)$ .




. - $\exists m’$ \in N $\varphi_{j}(x,\xi’)\in \mathcal{O}(mJ),x*$
, $\varphi_{j}$ $(x, \xi’)$ \xi ’ 1 $\varphi(0,x’, \xi’)=0$ .
$\{$
$\exists q_{j}\in \mathrm{N}/m’$ $\exists a_{j}(x, \xi’)\in \mathcal{O}_{(),*}m\prime x$
$\varphi j(x, \xi^{J})=xq_{j}1ja(x, \xi’),$ $a_{j}(x^{*})\neq 0(1\leq j\leq m)$
.





$l\dot{\gamma}_{1}^{-1}u(0, x)’(=vjx’,)$ , $1\leq j\leq m$ .







. $\theta\in\{0, \pi\}$ ,
$(x, \xi^{j})\in \mathrm{R}^{n}\cross\sqrt{-1}\mathrm{R}^{n-1},$ $x_{1}\neq 0,$ $\arg x_{1}=\theta$
$M=\{1,2, \cdots, m\}$ ,
$M_{0,\theta}=\{\lambda\in M;{\rm Re}(x_{1\varphi\lambda}(X, \xi’))=0\}$,
$M\text{ },\theta=\{\lambda\in M;\pm{\rm Re}(X_{1\varphi_{\lambda}}(x, \xi’))>0\}$ ,
$M_{\theta}’=M\backslash M0,\theta\backslash M_{+,\theta\backslash M_{-,\theta}}$
42
. $M\mathit{0},\theta$ , M $.\theta$ $m_{0,\theta},$ $m\pm,\theta$ .












. $\xi\in\sqrt{-1}\mathrm{R}^{n},$ ${\rm Im}\xi_{n}>0$ $\mathrm{a}r\mathrm{g}\xi_{n}=\pi/2$
, $x\in \mathrm{R}^{n},$ $\arg x_{1}=\theta,$ $\arg\xi_{n}=\pi/2$ . ${\rm Re}(x_{1}\varphi 1(X, \xi’))=0$
$1\in M_{0,\theta}$ . $2\in M_{-,\theta},$ $3\in M+,\theta$ . \theta
. $\varphi_{4}$ $(x$ , \xi ’ $)$ ,
$\arg(_{\mathcal{I}_{1}}\varphi 4(_{X,\xi))=}\prime 3\theta/2+\pi/2$
$\theta=0$ $4\in M+,0$ , \theta =\mbox{\boldmath $\pi$} $4\in M_{0,\pi}$ , \theta $=0$
$5\in M_{-,0}$ , \theta =\mbox{\boldmath $\pi$} $5\in M_{0,\pi}$ . $\varphi_{6}(X, \xi’)$ ,
${\rm Re}(x_{1}\varphi 6(x, \xi’))={\rm Re}(x_{1}3(1+\sqrt{-1}X_{2})\xi_{n})=-{\rm Re}(x^{3}x12){\rm Im}\xi n$
$6\in M_{\theta}’$ . $\varphi_{4}(x, \xi’),$ $\varphi 5$ ($x$ , \xi J)l $x_{1}$
, $\varphi_{6}(x$ , \xi ’ $)$ $x_{1},$ $x_{2}$




$0arrow\iota C\mathrm{R}^{n-}1,*\prime xrightarrow C_{\mathrm{R}^{n},x^{*}}D_{1}-x_{1}D_{n_{C}}arrow \mathrm{R}^{n},x*arrow 0$
. \mbox{\boldmath $\varphi$}2(x, $\xi’$ ) $D_{1}-\sqrt{-1}X_{1n}D$
. $\varphi_{3}(x, \xi’)^{\text{ } }$
$0arrow C_{\mathrm{R}^{n},x^{*}}D_{1}+\sqrt{-1}x_{1}D_{n_{C}}arrow \mathrm{R}^{n},x*rightarrow c_{\mathrm{R}^{n-}}1,*\prime xarrow 0$
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([7] ). M0,9 $M_{-,\theta}$
$M_{+,\theta}$ .
relation . $X(x’, D’)_{\mu,\nu}\in \mathcal{E}_{R^{n-1},x}*J$
($\mu$ , \nu Y $i$ $\cross$ F $X(x’, D’)\text{ }\mathcal{E}^{i}\mathrm{R}^{\cross j}n-1,*x$ ’ .
$(x_{1}, D_{1})$ . $A(x’, D’),$ $B(X’, D’)\in$
$\mathcal{E}_{\mathrm{R}^{n-},x}^{m\mathrm{X}m_{1}}*’\mathrm{B}\grave{\grave{\mathrm{a}}}$
$A(x’, D’)B(X’, Dl)=B(x’, D’)A(xD”,)=\mathrm{I}\mathrm{d}$
, $A(x’, D’)$ ( ) $k\cross m$
$A’(X’, D’)(\in \mathcal{E}_{\mathrm{R}}^{k\cross m},’)n-1*x$ . $v_{1}(X^{J}),$ $\cdots,$ $v_{m}(X’)\in c\mathrm{R}^{n}-1,x^{*\prime}\text{ }$ k-relation
, $A(x’, D’),$ $B(XD’,’)\in \mathcal{E}^{m}n-*’ \text{ }\mathrm{X}m_{1}\text{ }\mathrm{R},x$
$A’(x’, D’)\in \mathcal{E}_{\mathrm{R}^{\cross},x}^{km_{1}}n-*$ ’ 6(x’) $={}^{t}(v_{1}(X’), \cdots,v_{m}(X’))$ $A^{\primearrow}v=0arrow$
. $C_{R^{\text{ }-},x}l*$ ’- $m$ CR -l,x*’m
$c_{R^{n-1},x^{*}}’\ni v\vee A\vec{v}\in marrow C\mathrm{R}n-\sim 1,*\prime^{m}x$






. $P(x, D)$ (2), (3), (4), (6) . (P
) $m+,0$-relation $m+,\pi$-relation , (5)
$u\in C_{\mathrm{R}^{n},x^{*}}$ $v_{1}(x^{j}),$ $\cdots,$
$v_{m}(x’)\in C_{\mathrm{R},x}n-1*\prime \text{ }$





relation $\text{ }\mathcal{E}_{x^{*}}^{\mathrm{R}}$ .
.
( ) $P(x, D)=D_{1^{-}}^{2}xD^{2}21n+P’(X, D),$ $\mathrm{o}\mathrm{r}\mathrm{d}P’\leq 1$ .
\mbox{\boldmath $\varphi$}1 $(x, \xi’)=X_{1}\xi n$ , $\varphi_{2}(x, \xi’)=-X_{1}\xi_{n}$ , , \theta \in $\{0, \pi\}$
$M_{0,\theta}=\{1,2\}$ , $M\text{ },\theta=\emptyset$ , $m+,\theta=0$ . relation ,
$v_{1}(x’),$ $v_{2}(X’)\in C_{\mathrm{R},x}n-1*J$ (5) . [4]
.
( ). $P(x, D)=D2X_{1}D^{2}1^{-}n+P’(X,’ D),$ $\mathrm{o}\mathrm{r}\mathrm{d}P’\leq 1$ .
\mbox{\boldmath $\varphi$}1 $(x, \xi’)=\sqrt{x_{1}}\xi_{n},$ $\varphi_{2}(x, \xi’)=-\sqrt{x_{1}}\xi n$ , $\theta=0$
$M0,0=\{1,2\}$ , $m_{+,0}=0$ . \theta =\mbox{\boldmath $\pi$} $M_{+,\pi}=\{1\},$ $M_{-,\pi}=\{2\}$




( ). $P(x, D)=D_{1}2+x_{1}^{2}D_{n}2+P’(X, D),$ $\mathrm{o}\mathrm{r}\mathrm{d}P’\leq 1$ .
\mbox{\boldmath $\varphi$}1 $(x, \xi’)--\sqrt{-1}X_{1}\xi n’\varphi 2(x, \xi’)=-\sqrt{-1}x$1\xi , \theta \in $\{0,\pi\}$
$M_{-,\theta}=\{1\},$ $M_{+,\theta}=\{2\},$ $m+,\mathit{9}=1$ . (5)
1-relations .
l-relations 2-relation .
. l-relations 2-relation ,
(5) $v_{1}=v_{2}=0$ . $Pu=0$
$u$ $v_{1},$ $v_{2}$ , - $v_{1}=v_{2}=0$
$Pu=0\Rightarrow u=0$ . P
. P .
relation . $P(x, D)=D_{1}^{2}+X_{1}^{\mathit{2}}D_{n}^{\mathit{2}}+CDn\text{ }$ relations
, ” $1- \mathrm{r}\mathrm{e}\mathrm{l}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}+1- \mathrm{r}\mathrm{e}\mathrm{l}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}=2$-relation”
$c\not\in\{\sqrt{-1}, \sqrt{-1}3, \sqrt{-1}5, \cdots\}$ ( $[2|,[6|$ ).
.
$m=6,$ $m+,0=2,$ $m+,\pi=1$ . 6 $v_{1}(x’),$ $\cdots,v_{6}(x’)$
(5) , $v_{1}(x’),$ $\cdots,$ $v_{6}(X’)$ 2-relation
1-relation . , 6 3
.
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